Pistachio is a nut with high consumption that can be affected by afl atoxin contamination. Regarding infl uence of this fungus on global trade, broad studies in this area seem to be necessary. In this research, pistachio nuts were coated with methyl cellulose at different concentrations of 0.1%, 0.5%, 1%, and 2% by immersion method. Samples were stored in an incubator (25°C) for 4 months. Imaging was performed by electron microscope using SEM method and chemical changes (moisture, iodine, peroxide, and acidic value) were investigated during storage periods. Results showed that variations in storage time and methyl cellulose concentration had signifi cant effect on moisture content and peroxide value ( P < 0.05). Also, in case of acidic value, a signifi cant difference was observed between treatments so that pistachio at concentration of 2% showed the highest acidic value. The highest iodine value loss was related to a concentration of 0.1% and the lowest value was observed in the control sample.
Introduction
Pistachio is an edible seed from the pistachio tree grown broadly in hot-dry regions of the Middle East, Mediterranean, and Americas (Garcia et al. 1992 ). Nutritional value, palatability, easily digestion, high calorie value, vitamins, and minerals are among the characteristics that make pistachio superior to other nuts. However, factors such as harvest, transportation, and processing enhance the risk of fungal infection in pistachio (Salek Zamani 2001 ) . Favorable conditions in terms of temperature, relative humidity, and water activity result in fungal growth and production of secondary metabolites such as mycotoxin. Afl atoxins are toxic substances from mycotoxin group produced by fungi including Aspergillus fl avus , Aspergillus parasiticus , and Aspergillus nomius (Sarhang Pour et al. 2010 ; Daraei Garmakhany et al., 2011 ) . These toxins cause dangerous diseases such as hepatic cancer in humans (Sarhang Pour et al. 2010 ) . In order to inhibit from afl atoxin production, prevention methods should be in use (Shantha and Decker 1994 ) .
Antimicrobial is a kind of active packaging which can enhance storage life of the food product and protect its microbial health (Seydim and Sarkis 2006 ) . Today, studies on packaging of food products are concentrated on biodegradable fi lms such as prepared fi lms from edible proteins of animal and plant origin (zein, gluten, soy, peanut, albumin, gelatin, collagen, casein, and whey protein). Edible coating is a thin layer of natural substances that covers the food product surface and prevents undesirable changes in fl avor, texture, and appearance of the food product (Robertson 2006 ) . Methyl cellulose
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Effect of methyl cellulose coating on physicochemical properties, porosity, and surface diameter of pistachio hull is a chemical substance which cannot be found in nature. It is obtained by methylation of 30% of hydroxyl groups which is soluble in cold water and gives a clear solution. However, it is insoluble in hot water and changes to saturated solution. Due to its hydrophobic nature, methyl cellulose has a high potential for inhibition of water and oxygen penetration and so increases microbial and chemical resistance compared to other cellulose derivatives (Baker 1982 ; Shahidi et al. 1999 ) . Also, different concentrations of methyl cellulose lead to formation of different fi lm with different oxygen barrier abilities during coating of pistachio nuts. Pistachio is produced in large quantities and exported from Iran; hence, controlling infection in this product is necessary. However, no attempt has been done on coating pistachio by hydrocolloids. Therefore, the aim of this research was to investigate the effects of different concentrations of methyl cellulose on chemical changes in pistachio nuts during 4 months of storage.
Materials and Methods

Preparation of methyl cellulose solution
Abbasali pistachio was obtained from Damghan city. Coating was performed by immersion method. To this end, pistachio kernel was randomly divided into 1 kg packages. In a beaker containing distilled water, methyl cellulose at concentrations of 0.1%, 0.5%, 1%, and 2% was gradually added, and after 30-45 min methyl cellulose was completely dissolved in water. After removing air bubbles, methyl cellulose solution was ready for coating (Turhan and Sahbas 2004 ) .
Coating process
For coating at each concentration, 1 kg of pistachio kernels was immersed in degasifi ed methyl cellulose solution, stirred for 5 min and coated samples were then stored in an oven at 25°C for 3 days in order to dry. One kilogram of coated dried samples was packed in polyethylene bags and stored in an incubator at 25°C for 4 months (Maftoonazad and Ramaswamy 2005 ) .
Sample assay
In order to evaluate the effect of methyl cellulose concentration on chemical and quality attributes of pistachio nuts, moisture content, peroxide, acidic, and iodine values were measured. Assays were carried out at the beginning of storage time (immediately after coating and drying), in the middle (after 2 months of storage) and at the end of storage (after 4 months of storage).
Statistical analysis
This study was conducted in a completely randomized design (CRD) and Tukey ' s follow-up test was used to determine the difference between treatments ( P < 0.05). Statistical analysis was done using IBM-SPSS (version 19, Armonk, NY, USA) . All experiments were performed in three replications.
Results and Discussion
Moisture content
Based on the results obtained from measurement of pistachio moisture content ( Fig. 1 ) , the effect of concentration and storage time on moisture content was found to be signifi cant ( P < 0.05). The highest moisture content was related to pistachio kernel coated with 2% of methyl cellulose solution and the lowest amount was related to control, 0.1% and 0.5% samples, respectively. The reason for this difference is that when pistachio kernels are immersed in methyl cellulose solution, they absorb some parts of the solution through dispersion phenomenon and pistachio kernels coated with 2% of the solution have more density, lose lower moisture content during drying in an oven as well as during the storage period. The moisture content of the food product is decreased with storage time due to moisture exchange with the environment depending on the environment condition (whether free space or inside a package). It is clear that moisture loss in open-packaged food products is lower, depending on the type of packaging material, and other factors such as temperature, exposure to direct sunlight, and nature of the food product. Results showed that moisture loss was decreased due to type of packaging, unique characteristics of methyl cellulose coating, and particular conditions of storage. Several studies showed reduction in moisture loss due to coating and packaging in food materials. Achour et al. ( 2003 ) , Ur-Rehman ( 2006 ) , and Babarinde and Fabunmi ( 2009 ) reported reduction in moisture loss in packaged dates. Razmkhah ( 2012 ) observed that coated pistachio with chitosan had lower moisture loss in comparison with uncoated samples.
Peroxide value
Peroxide value is the initial product of oxidation of fat substances which does not lead to undesirable fl avor and aroma directly but shows the degree of oxidation progress. Peroxide formation proceeds slowly in the initial stages. However, in the secondary stages, it acts as a catalyzer in oil oxidation. More than 89% of pistachio fatty acids are unsaturated. This amount of unsaturated fatty acid leads to enhancement of nutritional value of pistachio but makes it susceptible to autoxidation (Maskan and Karatas 1999 ) . Peroxide measurement was done according to the Shantha and Decker ( 1994 ) method. The beginning of this research coincided with the harvest season in order to use fresh pistachio. Moreover, heavy polyethylene packages which were oxygen barriers were used and stored in an incubator in order that storage temperature is constant and pistachio packages are away from direct sunlight. Rate of rancidity and browning reactions resulted from lipid oxidation were reduced in the food products that coated with methyl cellulose (Brenji Ardestani et al. 2008 ) .
As can be seen from Figure 2 , after 4 months of storage, a signifi cant difference in peroxide value was observed between samples coated with different concentrations of cellulose ( P < 0.05). The highest peroxide value was related to control and the lowest was related to the sample coated with a concentration of 2% methyl cellulose. It can be explained that in coated nuts methyl cellulose acts as a barrier agent and inhibits oxidation. In addition, by increasing coating concentration barrier effi ciency is increased. On the other hand, pistachio oil has a high oxidative stability and peroxide enhancement in this oil proceeds in a lower rate (Mazinani et al. 2011 ). Yen and Liu ( 1997 ) found that substances extracted by ethanol (ethanolic extract) can reduce oxidation of linoleic acid to 80%. This study showed that antioxidant activity of these substances is higher than tocopherol but lower than butylated hydroxyanisole (Yen and Liu 1997 ) . In spite of studies done on the antioxidant property of these products, there is little information about the role of dietary antioxidants. Bressa et al. ( 1996 ) separated different compounds from butter-containing cookies which were able to stop autoxidation reactions in the initial stages. In their studies on peanut packaging, Duan et al. ( 1997 ) reported a positive role of this process in inhibition of oxidation of peanut oil. Razmkhah ( 2012 ) showed an increase in peroxide value in chitosan-coated pistachio samples.
Acidic value
Acidic value is an indicative index for oil quality (Hill and Hanna 1990 ) . Pistachio acidity was measured according to the AOCS standard (1993). Results showed that there was a signifi cant difference in terms of acidic value between different concentrations of coating solution during storage time ( P < 0.05). As shown in Figure 3 , the highest acidic value was related to pistachio samples coated with 2% methyl cellulose and the lowest amount was related to control sample, pistachio samples coated with 0.1% methyl cellulose and pistachio samples coated with 0.5% methyl cellulose, respectively. Increase in the amounts of free fatty acids levels the hydrolysis process in pistachio oil. Lipase and strase cause oxidative reactions of catalase enzyme. These two enzymes separate fatty acids from fat and produce free fatty acids. Therefore, free fatty acids can act as substrates of oxidation reactions. During storage periods the amounts of free fatty acids in pistachio are lower than other nuts; it may be due to the presence of antioxidants in this fruit that inhibit oxidation process propagation (Grosch et al. 1983 ) . At a given temperature, increase in moisture content enhances hydrolysis of fats and production of fatty acids. As described in the previous section, pistachio nuts coated with higher concentrations of methyl cellulose retain a higher amount of moisture content during storage. It can be expected that the lipid oxidation rate in coated samples with a higher concentration of methyl cellulose would be higher than that of uncoated and coated samples with lower concentration of methyl cellulose. It means that moisture has a positive effect on lipolysis and induces this reaction (Reid 1992 ) .
Iodine value
Iodine index indicates the amount of absorbed iodine for 100 g oil sample. It is regarded as an index for unsaturation degree of unsaturated fatty acids like oleic acid (Mirnezami Ziabari and Saneii 1995 ; Kirk & Sawyer, 1997 ) . Iodine value was measured according to AOAC standard ( 2005 ).
Results showed that there was a signifi cant difference in iodine value between coated and uncoated samples. As can be seen from Figure 4 , during 4 months of storage, coated pistachio samples with 0.1% methyl cellulose had the highest loss in iodine value while control sample had the lowest iodine value loss. Moreover, a signifi cant difference was observed between treatments in iodine value during storage time. Iodine value loss during storage periods may be due to reduction in unsaturated fatty acids of oil and consequently destruction of double bands resulting from isomerization, oxidation, and polymerization. As shown in Figure 4 , a slight increase in the amount of oleic acid led to a decrease in the amounts of linoleic and linolenic acids, thus reducing the iodine value (Qavami et al. 2002 ) .
Taking image of pistachio nuts under electron microscope by SEM method
Coating diameter Figure 5 A-E indicates that all of the coatings have a good density. Based on mean comparison between different samples, coated sample with 1% methyl cellulose has lower diameter than other samples, but it shows the highest density and viscosity. The reason for this low diameter is high viscosity and density of layers at this concentration.
Coating uniformity
Coating uniformity can be evaluated through investigation of coating surface roughness. It should be mentioned that to obtain electron microscopic images, different parts of the surface and cross sections of samples were investigated. Investigation of cross section surface indicates that sample surfaces are thoroughly coated and there is no fracture. As shown in Figure 6 , the surface roughness of samples is different. In general, coated samples in D and E are more uniform than those in B and C while sample in E was more uniform than that in D (Fig. 6 ).
Size of coating porosities
As porosity determination in imaging software is based on resolution degree, images should be selected in a way that only porosity can be measured. Therefore, inverted electron images (BSE) as well as secondary electron images should be taken from a certain point in order to identify real porosities by comparing them. On the other hand, color change in inverted electron images is due to phase change and presence of porosity. Therefore, to obtain inverted electron images, sample surface should not be uneven. As the cross section surface of pistachio sample is not even (to obtain an even sample, its surface should be polished) and as porosities are well detectable in secondary electron images, images were obtained by a secondary electron detector. Results obtained from images of Figure 7 are indicated in Table 1 . These images were taken by image tool software. As shown in Figure 7 and Table 1 , a coated sample is more porous than other samples and E coated sample has the lowest porosity.
Conclusion
1 . With respect to images taken from sample surface, D and E coated samples are more uniform than other coated samples. 2 . Investigation of cross section surface of samples indicates that E coated sample has higher density and viscosity than B, C, and D coated samples. (B = 0.1% sample; C = 0.5% sample; and E = 2% sample). Appropriate coating is a coating with higher density and viscosity, has a surface of minimum roughness and higher uniformity, lower porosities, and smaller mean size of porosity. With respect to these facts and based on chemical tests, images taken by electron microscope and tables related to properties of pistachio samples (surface, cross section surface, diameter, uniformity, and porosity size), it can be concluded that pistachio sample coated with 1% methyl cellulose is the best sample. 
